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(57) ABSTRACT 

The present invention relates to a multi-layered, UV-cured 
polymer electrolyte and lithium secondary battery compris 
ing the same, Wherein the polymer electrolyte comprises: A) 
a separator layer formed of polymer electrolyte, PP, PE, 
PVdF or non-Woven fabric, Wherein the separator layer 
having tWo surfaces; B) at least one gelled polymer elec 
trolyte layer located on at least one surface of the separator 
layer comprising: a) polymer obtained by curing ethyleneg 
lycoldi(meth)acrylate oligomer of the formula (I) by UV 
irradiation: CH2=CRlCOO(CH2CH2O)nCOCR2=CH2 
wherein, R1 and R2 are independently hydrogen or methyl 
group, and n is a integer of 3420; and b) at least one polymer 
selected from the group consisting of PVdF-based polymer, 
PAN-based polymer, PMMA-based polymer and PVC 
based polymer; and C) organic electrolyte solution in Which 
lithium salt is dissolved in a solvent. 

16 Claims, 6 Drawing Sheets 
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MULTI-LAYERED, UV-CURED POLYMER 
ELECTROLYTE AND LITHIUM 

SECONDARY BATTERY COMPRISING THE 
SAME 

TECHNICAL FIELD 

The present invention relates to a multi-layered, ultravio 
let (hereinaf‘ter referred to as “UV”)-cured polymer electro 
lyte and a lithium secondary battery comprising the same. 
More speci?cally, the polymer electrolyte comprises: 
A) a separator ?lm layer formed of a polymer electrolyte, PP, 

PE, PVdF or a non-Woven fabric; 
B) a UV-cured polymer electrolyte layer comprising: 

a) a polymer obtained by curing ethyleneglycoldi(meth) 
acrylate oligomer of formula (I) With an irradiation of UV 
rays, 

CHZICRICOO(CH2CH2O),,COCR2:CH2 (I) 

wherein, R1 and R2 are independently hydrogen or methyl 
group, and n is an integer of 3420, and 

b) at least one polymer selected from the group consisting 
of polyvinylidene?uoride group polymer, polyacrylonitrile 
group polymer, polymethylmethacrylate group polymer and 
polyvinylchloride group polymer; and 
C) an organic electrolyte solution in Which a lithium salt is 

dissolved in an organic solvent. 

BACKGROUND ART 

Recently, concomitant With miniaturization and light 
Weight trends in electronic appliances, research into energy 
sources having high density and high energy has been 
performed intensively. A lithium secondary battery has been 
proposed as one energy source in the aspect that the higher 
integration of energy is possible because the molecular 
Weight of lithium used in a lithium secondary battery is very 
loW, but its density is relatively high. 

In the earlier developed lithium secondary battery, an 
anode Was fabricated With metallic lithium or lithium alloy. 
HoWever, a cycle characteristic of such secondary battery 
using metallic lithium or lithium alloy is reduced signi? 
cantly due to dendrites generated on an anode in the course 
of repeated charging and discharging of the battery. 
A lithium ion battery Was presented in order to solve the 

problem of dendrite generation. The lithium ion battery 
developed by SONY Company in Japan and Widely used all 
over the World comprises an anode active material, a cathode 
active material, an organic electrolyte and a separator ?lm. 

The separator ?lm functions to prevent an internal short 
circuiting of the lithium ion battery caused by contacting of 
a cathode and an anode, and to permeate ions. Separator 
?lms generally used at the present time are polyethylene 
(hereinafter referred to as “PE”) or polypropylene (herein 
af‘ter referred to as “PP”) separator ?lms. HoWever, the 
lithium ion battery using the PE or PP separator ?lm has 
problems such as instability of a battery, intricacy of its 
fabrication process, restriction on battery shape and limita 
tion of high capacity. There have been attempts to solve the 
above-mentioned problems, but there is no clear result until 
noW. 

On the contrary, a lithium polymer battery uses a polymer 
electrolyte having tWo functions, as a separator ?lm and as 
an electrolyte at the same time, and it is noW being vieWed 
With keen interest as a battery being able to solve all of the 
problems. The lithium polymer battery has an advantage in 
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2 
vieW of productivity because the electrodes and a polymer 
electrolyte can be laminated in a ?at-plate shape and its 
fabrication process is similar to a fabrication process of a 
polymer ?lm. 
A conventional polymer electrolyte is mainly prepared 

With polyethylene oxide (hereinafter referred to as “PEO”), 
but its ionic conductivity is merely 10-8 S/cm at room 
temperature, and accordingly it can not be used commonly. 

Recently, a gel or hybrid type polymer electrolyte having 
an ionic conductivity above 10'3 S/cm at room temperature 
has been developed. 

K. M. Abraham et al. and D. L. Chua et al. disclose a 
polymer electrolyte of a gel type polyacrylonitrile (herein 
af‘ter referred to as “PAN”) group in US. Pat. No. 5,219,679 
and in US. Pat. No. 5,240,790 respectively. The gel type 
PAN group polymer electrolyte is prepared by injecting a 
solvent compound (hereinafter referred to as an “organic 
electrolyte”) prepared With a lithium salt and organic sol 
vents, such as ethylene carbonate and propylene carbonate, 
etc. into a polymer matrix. It has the advantages that the 
contact resistance is small in charging/discharging of a 
battery and desorption of the active materials rarely takes 
place because the adhesive force of the polymer electrolyte 
is good, and accordingly adhesion betWeen a composite 
electrode and a metal substrate is Well developed. HoWever, 
such a polymer electrolyte has a problem in that its mechani 
cal stability, namely its strength, is loW because the electro 
lyte is a little bit soft. Especially, such de?ciency in strength 
may cause many problems in the fabrication of an electrode 
and battery. 

A. S. GoZdZ et al. discloses a polymer electrolyte of 
hybrid type polyvinylidenedi?uoride (hereinafter referred to 
as “PVdF”) group in US. Pat. No. 5,460,904, The polymer 
electrolyte of the hybrid type PVdF group is prepared by 
fabricating a polymer matrix having a porosity not greater 
than submicron, and then injecting an organic electrolyte 
into the small pores in the polymer matrix. It has the 
advantages that its compatibility With the organic electrolyte 
is good, the organic electrolyte injected into the small pores 
is not leaked so as to be safe in use and the polymer matrix 
can be prepared in the atmosphere because the organic 
electrolyte is injected af‘terWards. HoWever, it has the dis 
advantages that the fabrication process is intricate because 
When the polymer electrolyte is prepared, an extraction 
process of a plasticiZer and an impregnation process of the 
organic electrolyte are required. In addition, it has a critical 
disadvantage in that a process forming a thin layer by 
heating and an extraction process are required in fabrication 
of electrodes and batteries because the mechanical strength 
of the PVdF group electrolyte is good but its adhesive force 
is poor. 

Recently, a polymer electrolyte of a polymethylmethacry 
late (hereinafter referred to as “PMMA”) group Was pre 
sented in Solid State Ionics, 66, 97, 105 (1993) by O. 
Bohnke and G. Frand, et al. The PMMA polymer electrolyte 
has the advantages that it has an ionic conductivity of 10-3 
S/cm at room temperature and its adhesive force and com 
patibility With an organic electrolyte are good. HoWever, its 
mechanical strength is very poor, and accordingly it is 
unfeasible for the lithium polymer battery. 

In addition, a polymer electrolyte of a polyvinylchloride 
(hereinafter referred to as “PVC”) group, Which has good 
mechanical strength and has an ionic conductivity of 10-3 
S/cm at room temperature, Was presented in J. Electrochem. 
Soc, 140, L96 (1993) by M. Alamgir and K. M. Abraham. 
HoWever, it has problems in that a loW-temperature charac 
teristic is poor and a contact resistance is high. 
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Recently, in order to complement disadvantages of 
lithium ion batteries and lithium polymer batteries, neW 
methods have been attempted. Among them, US. Pat. No. 
5,681,357, US. Pat. No. 5,688,293 and US. Pat. No. 
5,834,135 to M. Oliver et al. disclose a fabrication method 
of a secondary battery. Such method comprises steps of 
casting a solution in Which a polymer such as PVdF, etc. is 
dissolved in an organic solvent or an organic electrolyte onto 
a PP or PE separator ?lm used for lithium ion batteries to 
obtain a separator ?lm system, locating the obtained sepa 
rator ?lm system betWeen an anode and a cathode, making 
the resultant into one body by a heat lamination process and 
then injecting an organic electrolyte solution. HoWever, in 
the method, because a polymer solution is cast onto a PP or 
PE separator ?lm, deformation of the PP or PE separator ?lm 
is caused and pores of the separator ?lm is closed. In 
addition, contact is insuf?cient because the separator ?lm 
and electrodes are made into one body by a heat lamination 
process, and therefore, a contact resistance may be 
increased. Due to those disadvantages, charge and discharge 
characteristics of lithium secondary batteries are poor and 
life characteristics of batteries may be loWered. 
US. Pat. No. 5,691,005 and US. Pat. No. 5,597,659 to 

Kenichi Morigaki et al. disclose a method for improving a 
cycle life of a batteries by restraining the generation of 
dendrite of lithium When metallic lithium or a lithium alloy 
is used as an anode. Such effect is achieved by injecting a 
UV (hereinafter referred to as “UV”) curable oligomer or 
monomer into a PE separator ?lm and then irradiating UV 
rays onto the resultant, to generate a gel-polymer electrolyte 
at pores in the PE separator ?lm. HoWever, in such method, 
although it is possible to improve cycle life, a resistance is 
increased compared With the one in Which an organic 
electrolyte solution is impregnated into the PE separator ?lm 
because a polymer electrolyte is injected into the pores of the 
PE separator ?lm. Accordingly, charge and discharge char 
acteristics of the lithium secondary batteries are loWered. In 
addition, its adhesive force With an electrode is inferior, and 
therefore, a fabrication of a battery becomes intricate. 

SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is to provide 
a UV-cured polymer electrolyte Which is superior in adhe 
sion With electrodes, compatibility With an organic electro 
lyte for a lithium secondary battery, mechanical strength, 
permeability, etc. 

Another object of the present invention is to provide a 
lithium secondary battery comprising said electrolyte. 

The above and other objects of the present invention can 
be achieved by providing a polymer electrolyte in Which a 
UV-cured polymer electrolyte having good adhesion With 
electrodes, good compatibility With an organic electrolyte 
for a lithium secondary battery, good mechanical strength, 
good permeability, etc. is coated onto one or both surfaces 
of a separator ?lm such as a polymer electrolyte, PP, PE, 
PVdF or a non-Woven fabric. In more detail, the above and 
other objects can be achieved by providing a multi-layered 
electrolyte comprising: 
A) a separator ?lm layer formed of a polymer electrolyte, PP, 

PE, PVdF or a non-Woven fabric; 

B) a UV-cured electrolyte layer comprising; 
a) a polymer obtained by curing ethyleneglycoldi(meth) 

acrylate oligomer of formula (I) With an irradiation of UV 
rays, 

CHZICRICOO(CH2CH2O),,COCR2:CH2 (I) 
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4 
wherein, R1 and R2 are independently hydrogen or methyl 
group, and n is an integer of 3*20, and 

b) at least one polymer selected from the group consisting 
of PVdF group polymers, PAN group polymers, PMMA 
group polymers and PVC group polymers; and 
C) an organic electrolyte solution in Which a lithium salt is 

dissolved in an organic solvent. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is cross-sectional vieWs illustrating a multi-layered 
polymer electrolyte in accordance With the present inven 
tion. 

FIG. 2 is cross-sectional vieWs illustrating a lithium 
secondary battery comprising the multi-layered polymer 
electrolyte as described in FIG. 1 in accordance With the 
present invention. 

FIGS. 3ai3c are process How diagrams illustrating fab 
rication of lithium secondary batteries in accordance With 
the present invention. 

FIG. 4 is a graph shoWing charge and discharge charac 
teristics of the lithium secondary batteries of Examples 1*9 
according to the present invention and Comparative 
Examples 1 and 2. 

FIG. 5a is a graph shoWing loW- and high-temperature 
characteristics of the present invention, and FIG. 5b is a 
graph shoWing loW- and high-temperature characteristics of 
the lithium secondary battery Comparative Example. 

FIG. 6a is a graph shoWing high-rate discharge charac 
teristics of the lithium secondary battery of the present 
invention, and FIG. 6b is a graph shoWing high-rate dis 
charge characteristics of the lithium secondary battery of 
Comparative Example. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention relates to a multi-layered polymer 
electrolyte and a lithium secondary battery comprising the 
same, Wherein the multi-layered polymer electrolyte com 
prises: 
A) a separator ?lm layer formed of a polymer electrolyte, PP, 

PE, PVdF or a non-Woven fabric; 
B) a UV-cured electrolyte layer comprising: 

a) a polymer obtained by curing ethyleneglycoldi(meth) 
acrylate oligomer of formula (I) With an irradiation of UV 
rays; 

CHZICR1COO(CH2CH2O)NCOCR2:CH2 (I) 

wherein, R1 and R2 are independently hydrogen or methyl 
group, and n is an integer of 3*20, and 

b) at least one polymer selected from the group consisting 
of PVdF group polymers, PAN group polymers, PMMA 
group polymers and PVC group polymers; and 
C) an organic electrolyte solution in Which a lithium salt is 

dissolved in an organic solvent. 
The ethyleneglycoldi(meth)acrylate oligomer means eth 

yleneglycoldiacrylate, ethyleneglycoldimethacrylate or 
mixtures thereof and has molecular Weight of 20(k2000, 
The amount used can be adjusted in the range of 5*95 Wt % 
of the polymer mixture in the polymer layer, in accordance 
With characteristics required. 

It is preferred that the PAN group polymer used in the 
UV-cured polymer layer is selected from the group consist 
ing of polyacrylonitrile and poly(acrylonitrile-methylacry 
late). It is preferred that the PMMA group polymer is 
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selected from the group consisting of polymethylmethacry 
late, poly(methylmethacrylate-co-ethylacrylate) and poly 
(methylmethacrylate-co-methacrylic acid). It is preferred 
that the PVdF group polymer is selected from the group 
consisting of polyvinylidene di?uoride, poly(vinylidene dif 
luoridehexa?uoropropylene). It is preferred that the PVC 
group polymer is selected from the group consisting of 
polyvinylchloride and poly(vinyl chloride-coacrylonitrile). 

Lithium salts used in the organic electrolyte solution of 
the present invention are the same as generally used in the 
lithium secondary batteries. Examples include LiPF6, 
LiClO4, LiAsF6, LiBF4, LiCF3SO3 and Li(CF3SO2)2N. 
Among them, LiPF6 is more preferable. 

Examples of an organic solvent used in the organic 
electrolyte may be ethylene carbonate, propylene carbonate, 
diethyl carbonate, dimethyl carbonate, ethyl methyl carbon 
ate or mixtures thereof. In order to improve the loW 
temperature characteristic, an additional solvent, such as 
methyl acetate, methyl propionate, ethyl acetate, ethyl pro 
pionate, butylene carbonate, y-butyrolactone, 1,2 
dimethoxyethane, l,2-dimethoxyethane, dimethylaceta 
mide, tetrahydrofuran or mixtures thereof, can be added to 
the above organic solvent. The amount of the organic 
electrolyte solution used is preferably adjusted in the range 
of l00*2000 Wt % of the polymer mixture used in the 
UV-cured polymer layer. 

The multi-layered polymer electrolyte in accordance With 
the present invention can further comprises an initiator for 
UV curing, a curing accelerator, a plasticiZer, a porous ?ller, 
etc., if it is necessary. 
As an initiator for UV curing in the present invention, any 

substances capable of generating a radical by an irradiation 
of UV rays can be used, and there is no limitation on speci?c 
substances. Examples may include 2,2-dimethoxy-2-pheny 
lacetophenone, 2-methoxy-2-phenylacetone, benZyldim 
ethyl-ketal, ammoniumpersulfate, benZophenone, ethyl ben 
Zoin ether, isopropyl benZoin ether, ot-methyl benZoin ether, 
benZoin phenyl ether, 2,2-diethoxyacetophenone, 1,1 
dichloroacetophenone, 2-hydroxy-2 -methyl-l -phenylpro 
pane-l-one, l-hydroxy cyclohexyl phenyl ketone, 
anthraquinone., 2-ethylanthraquinone, 2-chloroan 
thraquinone, thioxantone, isopropyl thioxantone, chlo 
rothioxantone, 2,2-chlorobenZophenone, benZyl benZoate, 
benZoyl benZoate, etc. The amount of the initiator used is 
generally in the range of 0. 15.0 Wt % of the total polymers 
used in the UV-cured polymer layer. 

Examples of a curing accelerator Which is used for 
enhancing UV-curing rate may include triethylamine, tribu 
tylamine, triethanolamine, N-benZyldimethylamine, etc. The 
amount of the curing accelerator is generally in the range of 
l.0*5.0 Wt % of the total polymers used in the UV-cured 
polymer layer. 

Examples of a plasticiZer may include N,N-dimethylac 
etamide (DMA), N,N-dimethylformamide (DMF), dimethyl 
carbonate (DMC), ethylene carbonate (EC), ethyl methyl 
carbonate (EMC), propylene carbonate (PC), acetonitrile 
and mixtures thereof, but not limited thereto. It is preferred 
that the amount of the plasticiZer used in the polymer 
electrolyte is adjusted in the range of l00*2000 Wt % of the 
total polymers used in the UV-cured polymer layer. 

Examples of a ?ller may include TiO2, BaTiO3, LiZO, LiF, 
LiOH, Li3N, BaO, Na2O, MgO, Li2CO3, LiAlO2, SiO2, 
A1203, PTFE, an organic ?ller, a polymer ?ller and mixtures 
thereof. Such ?ller improves porosity and mechanical 
strength of the electrolyte. Generally, the content of the ?ller 
is no more than 20 Wt % of the total polymers used in the 
UV-cured polymer layer. 
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The preparation method of the polymer electrolyte ?lm 

according to the present invention Will be described. After 
polyethyleneglycol(metha)acrylate oligomer of formula (I), 
and at least one polymer selected from the group consisting 
of PVdF group polymers, PAN group polymers, PMMA 
group polymers, PVC group polymers and mixtures thereof 
Were added to an organic electrolyte solution and/or an 
organic solvent, the obtained mixture is sWollen by heating 
at 50*l50o C. While stirring. It is preferred that the stirring 
is continued to be mixed enough for at least three hours. 
After an initiator for UV curing and a curing accelerator 
Were then added to the mixture, the mixture is additionally 
stirred for 30 seconds or 10 minutes. The resulting mixture 
is cast onto one or both surfaces of the separator ?lm formed 

of a polymer electrolyte, PP, PE, PVdF, non-Woven fabric, or 
the like, at a thickness of 20 um. UV rays are then irradiated 
onto the surface of the resultant in order to induce curing of 
the oligomer, to obtain the desired polymer electrolyte ?lm. 
If it is desirable, an organic electrolyte solution may be 
additionally added to the obtained polymer electrolyte ?lm. 
In order to eliminate in?uences of moisture, it is preferred 
that all processes are performed under the condition having 
a moisture concentration of below 10 ppm at room tempera 
ture. Curing using the UV rays, heat or electron beam 
depends largely on the intensity of an energy source, the 
composition of mixture, the thickness of a ?lm and atmo 
spheric condition. 

FIGS. 1a and 1b illustrate cross-sectional structures of a 
multi-layered, UV-cured polymer electrolyte in accordance 
With the present invention Which is prepared With a UV 
cured polymer blend electrolyte. FIG. 1a shoWs a polymer 
electrolyte in a double-layered structure in Which a UV 
cured polymer layer is laminated onto one surface of a 
separator ?lm such as a polymer electrolyte, PP, PE, PVdF 
or a non-Woven fabric, etc. having good mechanical 
strength. FIG. 1b shoWs a polymer electrolyte in a triple 
layered structure in Which a UV-cured polymer layer is 
laminated onto both surfaces of a separator ?lm such as a 

polymer electrolyte, PP, PE, PVdF or a non-Woven fabric, 
etc. having good mechanical strength. 

FIG. 2a shoWs a lithium secondary battery having a 
mono-cell structure in Which a multi-layered polymer elec 
trolyte is located betWeen an anode and a cathode. FIG. 2b 
shoWs a lithium secondary battery having a bi-cell structure 
in Which a cathode/a multi-layered polymer electrolyte/an 
anode/ a multi-layered polymer electrolyte/a cathode are 
stacked in order. 

Lithium secondary batteries of the present invention are 
fabricated as folloWs. A solution of UV-cured polymer 
mixture is cast onto one surface or both surfaces of a 
separator ?lm such as a polymer electrolyte, PP, PE, PVdF 
and a non-Woven fabric, etc. having good mechanical 
strength at a thickness of l*50 pm, to obtain a tWo- or 
triple-layered, UV-cured polymer electrolyte. The obtained 
multi-layered, UV-cured polymer electrolyte is adhered onto 
both surfaces of an anode or a cathode, or inserted betWeen 
an anode and a cathode, and then the polymer electrolyte and 
electrode are joined With each other. The resultant are cut so 
as to be 3 cm:4 cm in siZe and stacked. The cell is inserted 
into a vacuum casing, and then an organic electrolyte 
solution is injected into the vacuum casing to be impreg 
nated into the pores inside the anode, cathode and the 
separator ?lm. The vacuum casing is then vacuum-sealed to 
fabricate a lithium secondary battery. 
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FIG. 3 illustrates an adhesive-lamination process and a 
stacking process. As shown in FIG. 3, the adhesive-lamina 
tion process and the lamination process Will be described in 
detail. 

As shoWn in FIG. 3(a), a solution of UV-curable polymer 
mixture is cast onto one surface of a separator ?lm such as 
a polymer electrolyte, PP, PE, PVdF, a non-Woven fabric, or 
the like and irradiating UV rays, to prepare a double-layered 
polymer electrolyte. The prepared doubled-layered polymer 
electrolyte is then adhered onto both surfaces of an electrode 
so that the polymer electrolyte is faced to the electrode. The 
doubled-layered polymer electrolyte and the electrode are 
then made into one body by a lamination process. The 
resultant is then cut to be in a predetermined siZe, and 
stacked it With an electrode having opposite polarity to the 
coated electrode in a predetermined siZe, to fabricate a 
lithium secondary battery. 
As shoWn in FIG. 3(b), a solution of UV-curable polymer 

mixture is cast onto both surfaces of a separator ?lm such as 
a polymer electrolyte, PP, PE, PVdF, a non-Woven fabric, or 
the like and irradiating UV rays, to prepare a triple-layered 
polymer electrolyte. The prepared triple-layered polymer 
electrolyte is then closely adhered onto both surfaces of an 
electrode, and then the triple-layered polymer electrolyte 
and the electrode are made into one body by a lamination 
process. The resultant is then cut to be in a predetermined 
siZe, and stacked it With an electrode having opposite 
polarity to the coated electrode in a predetermined siZe, to 
fabricate a lithium secondary battery. 
As shoWn in FIG. 3(c), a solution of UV-curable polymer 

mixture is cast onto both surfaces of a separator ?lm such as 
a polymer electrolyte, PP, PE, PVdF, a non-Woven fabric, or 
the like and irradiating UV rays, to prepare a triple-layered 
polymer electrolyte. The prepared triple-layered polymer 
electrolyte is closely adhered onto both surfaces of an anode, 
and then cathodes are adhered outside the polymer electro 
lyte. A lamination process is performed to make the resultant 
into one body in a bi-cell structure of cathode/triple-layered, 
UV-cured polymer electrolyte/anode/triple-layered, 
UV-cured polymer electrolyte/cathode. The cell is then cut 
and then stacked to fabricate a lithium secondary battery. 

Herein, the anode and cathode are fabricated, as in the 
conventional art, by mixing an appropriate amount of active 
materials, conducting materials and binders and an organic 
solvent, casting the resulting mixture onto both sides of a 
copper or aluminum foil plate grid, and then drying and 
rolling. In more detail, an anode consists of at least one 
material selected from the group consisting of graphite, 
cokes, hard carbon, tin oxide and lithiated compounds 
thereof, metallic lithium or lithium alloys. A cathode con 
sists of at least one material selected from the group con 

sisting of LiClO2, LiNiO2, LiNiCoO2, LiMn2O4, V205 and 
V6013. 
An organic electrolyte solution used in the fabrication of 

the battery is a solution selected from the group consisting 
of a lithium salt-dissolved ethylene carbonate-dimethyl car 
bonate (EC-DMC) solution, lithium salt-dissolved ethylene 
carbonate-diethyl carbonate (EC-DEC) solution, lithium 
salt-dissolved ethylene carbonate-ethylmethyl carbonate 
(EC-EMC) solution, lithium salt-dissolved ethylene carbon 
ate-propylene carbonate (EC-PC) solution and mixtures 
thereof, and solutions in Which at least one solvent selected 
from the group consisting of methyl acetate (MA), methyl 
propionate (MP), ethyl acetate (EA), ethyl propionate (EP), 
butylene carbonate (BC), y-butyrolactone (y-BL), 1,2 
dimethoxyethane (DME), dimethylacetamide (DMA) and 
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THE (tetrahydrofuran) is respectively added to the above 
lithium salt-dissolved solution. 

As a copper and aluminum grid, a plate, a punched plate, 
an expanded plate and a porous plate can be used. If an 
organic electrolyte solution is injected after stacking, it is 
preferable to use a punched plate, an expanded plate and a 
porous plate for ef?cient electrolyte impregnation. 

EXAMPLES 

The present invention Will be better understood from the 
beloW examples, but those examples are given only to 
illustrate the present invention, not to limit the scope of it. 

Example 1 

1 g of 5 Wt % P(VdF-HFP) (Atochem Kynar 2801) Which 
is a PVdF group polymer in DMC Was added to 2 g of liquid 
electrolyte solution Which is a 1M LiPF6 in ethylene car 
bonate/dimethyl carbonate (1:1 by Weight) containing 1 g of 
polyethyleneglycoldiacrylate oligomer (available from Ald 
rich Co., molecular Weight of 742). The resulting mixture 
Was then suf?ciently stirred to be homogeneous at room 
temperature for at least 3 hours and then cast onto one 
surface of a PE separator ?lm by a doctor-blade method at 
a thickness of 20 um. UV rays Were then irradiated onto the 
obtained ?lm With a UV lamp having a poWer of 100 W to 
induce a polymeriZation of the oligomer, to obtain a homo 
geneous double-layered, UV-cured polymer electrolyte. The 
obtained double-layered polymer electrolyte Was adhered 
closely onto both surfaces of a graphite anode so as to face 
the UV-cured polymer electrolyte layer to the graphite anode 
by a lamination process. The resultant Was cut so as to be 3 
cm><4 cm in siZe, and then it Was alternately stacked With a 
LiCoO2 cathode of 2.9 cm><3.9 cm in siZe. Terminals Were 
Welded onto the electrodes and then the cell Was inserted 
into a vacuum casing. A 1M LiPF6 solution in EC-EMC Was 
injected into the vacuum casing, and then the vacuum casing 
Was vacuum-sealed to fabricate a lithium secondary battery. 

Example 2 

1 g of 5 Wt % P(VdF-HFP) (Atochem Kynar 2801) Which 
is a PVdF group polymer in DMC Was added to 2 g of liquid 
electrolyte solution Which is a 1M LiPF6 in ethylene car 
bonate/dimethyl carbonate (1:1 by Weight) containing 1 g of 
polyethyleneglycoldiacrylate oligomer (available from Ald 
rich Co., molecular Weight of 742). The resulting mixture 
Was then suf?ciently stirred to be homogeneous at room 
temperature for at least 3 hours and then cast onto both 
surfaces of a PE separator ?lm by a doctor-blade method at 
a thickness of 20 um. UV rays Were then irradiated onto the 
obtained ?lm With a UV lamp having a poWer of 100 W to 
induce a polymeriZation of the oligomer, to obtain a homo 
geneous triple-layered, UV-cured polymer electrolyte. The 
obtained triple-layered polymer electrolyte Was adhered 
closely onto both surfaces of a graphite anode so as to face 
the UV-cured polymer electrolyte layer to the graphite anode 
by a lamination process. The resultant Was cut so as to be 3 
cm><4 cm in siZe, and then it Was alternately stacked With a 
LiCoO2 cathode of 2.9 cm><3.9 cm in siZe. Terminals Were 
Welded onto the electrodes and then the cell Was inserted 
into a vacuum casing. A 1M LiPF6 solution in EC-EMC Was 
injected into the vacuum casing, and then the vacuum casing 
Was vacuum-sealed to fabricate a lithium secondary battery. 
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Example 3 

1 g of 5 Wt % P(VdF-HFP) (Atochem Kynar 2801) Which 
is a PVdF group polymer in DMC Was added to 2 g of liquid 
electrolyte solution Which is a 1M LiPF6 in ethylene car 
bonate/dimethyl carbonate (1:1 by Weight) containing 1 g of 
polyethyleneglycoldiacrylate oligomer (available from Ald 
rich Co., molecular Weight of 742). The resulting mixture 
Was then suf?ciently stirred to be homogeneous at room 
temperature for at least 3 hours and then cast onto both 
surfaces of a PE separator ?lm by a doctor-blade method at 
a thickness of 20 um. UV rays Were then irradiated onto the 
obtained ?lm With a UV lamp having a poWer of 100 W to 
induce a polymerization of the oligomer, to obtain a homo 
geneous triple-layered, UV-cured polymer electrolyte. After 
the obtained triple-layered polymer electrolyte Was adhered 
closely onto both surfaces of a graphite anode, a LiCoO2 
cathode Was adhered onto both surfaces of the resultant, and 
then the obtained Was joined With each other by a lamination 
process. The resulting plate Was cut to be 3 cm><4 cm in siZe, 
to obtain a cell having a bi-cell structure. Terminals Were 
Welded onto the electrodes and then the cell Was inserted 
into a vacuum casing. A 1M LiPF6 solution in EC-EMC Was 
injected into the vacuum casing, and then the vacuum casing 
Was vacuum-sealed to fabricate a lithium secondary battery. 

Example 4 

1 g of 5 Wt % P(VdF-HFP) (Atochem Kynar 2801) Which 
is a PVdF group polymer in DMC Was added to 2 g of liquid 
electrolyte solution Which is a 1M LiPF6 in ethylene car 
bonate/dimethyl carbonate (1:1 by Weight) containing 1 g of 
polyethyleneglycoldiacrylate oligomer (available from Ald 
rich Co., molecular Weight of 742). The resulting mixture 
Was then suf?ciently stirred to be homogeneous at room 
temperature for at least 3 hours and then cast onto both 
surfaces of a non-Woven fabric by a doctor-blade method at 
a thickness of 20 um. UV rays Were then irradiated onto the 
obtained ?lm With a UV lamp having a poWer of 100 W to 
induce a polymerization of the oligomer, to obtain a homo 
geneous triple-layered, UV-cured polymer electrolyte. The 
obtained triple-layered polymer electrolyte Was adhered 
onto both surfaces of a graphite anode so as to face the 
UV-cured polymer electrolyte layer to the graphite anode by 
a lamination process. The resultant Was cut so as to be 3 

cm><4 cm in siZe, and then it Was alternately stacked With a 
LiCoO2 cathode of 2.9 cm><3.9 cm in siZe. Terminals Were 
Welded onto the electrodes and then the cell Was inserted 
into a vacuum casing. A 1M LiPF6 solution in EC-EMC Was 
injected into the vacuum casing, and then the vacuum casing 
Was vacuum-sealed to fabricate a lithium secondary battery. 

Example 5 

1 g of 5 Wt % solution of a 1:1 mixture by Weight of 
P(VdF-HFP) (Atochem Kynar 2801) Which is a PVdF group 
polymer and polymethylmethacrylate (available from Poly 
science Co., molecular Weight of 100,000) in DMC Was; 
added to 2 g of liquid electrolyte solution Which is a 1M 
LiPF6 in ethylene carbonate/dimethyl carbonate (1:1 by 
Weight) containing 1 g of polyethyleneglycoldiacrylate oli 
gomer (available from Aldrich Co., molecular Weight of 
742). The resulting mixture Was then suf?ciently stirred to 
be homogeneous at room temperature for at least 3 hours and 
then cast onto one surface of a PE separator ?lm by a 
doctor-blade method at a thickness of 20 um. UV rays Were 
then irradiated onto the obtained ?lm With a UV lamp having 
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10 
a poWer of 100 W to induce a polymeriZation of the 
oligomer, to obtain a homogeneous double-layered, UV 
cured polymer electrolyte. The obtained double-layered 
polymer electrolyte Was adhered closely onto both surfaces 
of a graphite anode so as to face the UV-cured polymer 
electrolyte layer to the graphite anode by a lamination 
process. The resultant Was cut so as to be 3 cm><4 cm in siZe, 
and then it Was alternately stacked With a LiCoO2 cathode of 
2.9 cm><3.9 cm in siZe. Terminals Were Welded onto the 
electrodes and then the cell Was inserted into a vacuum 
casing. A 1M LiPF6 solution in EC-EMC Was injected into 
the vacuum casing, and then the vacuum casing Was 
vacuum-sealed to fabricate a lithium secondary battery. 

Example 6 

1 g of 5 Wt % solution of a 1:1 mixture by Weight of 
P(VdF-HFP) (Atochem Kynar 2801) Which is a PVdF group 
polymer and polymethylmethacrylate (available from Poly 
science Co., molecular Weight of 100,000) in DMC Was 
added to 2 g of liquid electrolyte solution Which is a 1M 
LiPF6 in ethylene carbonate/dimethyl carbonate (1:1 by 
Weight) containing 1 g of polyethyleneglycoldiacrylate oli 
gomer (available from Aldrich Co., molecular Weight of 
742). The resulting mixture Was then su?iciently stirred to 
be homogeneous at room temperature for at least 3 hours and 
then cast onto a non-Woven fabric a doctor-blade method at 

a thickness of 20 um. UV rays Were then irradiated onto the 
obtained ?lm With a UV lamp having a poWer of 100 W to 
induce a polymeriZation of the oligomer, to obtain a homo 
geneous double-layered, UV-cured polymer electrolyte. The 
obtained double-layered polymer electrolyte Was adhered 
closely onto both surfaces of a graphite anode so as to face 
the UV-cured polymer electrolyte layer to the graphite anode 
by a lamination process. The resultant Was cut so as to be 3 
cm><4 cm in siZe, and then it Was alternately stacked With a 
LiCoO2 cathode of 2.9 cm><3.9 cm in siZe. Terminals Were 
Welded onto the electrodes and then the cell Was inserted 
into a vacuum casing. A 1M LiPF6 solution in EC-EMC Was 
injected into the vacuum casing, and then the vacuum casing 
Was vacuum-sealed to fabricate a lithium secondary battery. 

Example 7 

1 g of 5 Wt % P(VdF-HFP) (Atochem Kynar 2801) Which 
is a PVdF group polymer in DMC Was added to 2 g of liquid 
electrolyte solution Which is a 1M LiPF6 in ethylene car 
bonate/dimethyl carbonate (1:1 by Weight) containing 1 g of 
polyethyleneglycoldiacrylate oligomer (available from Ald 
rich Co., molecular Weight of 742). The resulting mixture 
Was then suf?ciently stirred to be homogeneous at room 
temperature for at least 3 hours and then cast onto one 
surface of a PVdF separator ?lm by a doctor-blade method 
at a thickness of 20 um. UV rays Were then irradiated onto 
the obtained ?lm With a UV lamp having a poWer of 100 W 
to induce a polymeriZation of the oligomer, to obtain a 
homogeneous double-layered, UV-cured polymer electro 
lyte. The obtained double-layered polymer electrolyte Was 
adhered closely onto both surfaces of a graphite anode so as 
to face the UV-cured polymer electrolyte layer to the graph 
ite anode by a lamination process. The resultant Was cut so 
as to be 3 cm><4 cm in siZe, and then it Was alternately 
stacked With a LiCoO2 cathode of 2.9 cm><3.9 cm in siZe. 
Terminals Were Welded onto the electrodes and then the cell 
Was inserted into a vacuum casing. A 1M LiPF6 solution in 
EC-EMC Was injected into the vacuum casing, and then the 
vacuum casing Was vacuum-sealed to fabricate a lithium 
secondary battery. 
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Example 8 

1 g of 5 Wt % solution of a 1:1 mixture by Weight of 
P(VdF-HFP) (Atochem Kynar 2801) Which is a PVdF group 
polymer and polymethylmethacrylate (available from Poly 
science Co., molecular Weight of 100,000) in DMC Was 
added to 2 g of liquid electrolyte solution Which is a 1M 
LiPF6 in ethylene carbonate/dimethyl carbonate (1:1 by 
Weight) containing 1 g of polyethyleneglycoldiacrylate oli 
gomer (available from Aldrich Co., molecular Weight of 
742). The resulting mixture Was then sufficiently stirred to 
be homogeneous at room temperature for at least 3 hours and 
then cast onto both surfaces of a PP separator ?lm by a 
doctor-blade method at a thickness of 20 um. UV rays Were 
then irradiated onto the obtained ?lm With a UV lamp having 
a poWer of 100 W to induce a polymeriZation of the 
oligomer, to obtain a homogeneous triple-layered, UV-cured 
polymer electrolyte. The obtained triple-layered polymer 
electrolyte Was adhered closely onto both surfaces of a 
graphite anode so as to face the UV-cured polymer electro 
lyte layer to the graphite anode by a lamination process. The 
resultant Was cut so as to be 3 cm><4 cm in siZe, and then it 
Was alternately stacked With a LiCoO2 cathode of 2.9 
cm><3.9 cm in siZe. Terminals Were Welded onto the elec 
trodes and then the cell Was inserted into a vacuum casing. 
A 1M LiPF6 solution in EC-EMC Was injected into the 
vacuum casing, and then the vacuum casing Was vacuum 
sealed to fabricate a lithium secondary battery. 

Example 9 

1 g of 5 Wt % solution of a 1:1 mixture by Weight of 
P(VdF-HFP) (Atochem Kynar 2801) Which is a PVdF group 
polymer and polymethylmethacrylate (available from Poly 
science Co., molecular Weight of 100,000) in DMC Was 
added to 2 g of liquid electrolyte solution Which is a 1M 
LiPF6 in ethylene carbonate/dimethyl carbonate (1:1 by 
Weight) containing 1 g of polyethyleneglycoldiacrylate oli 
gomer (available from Aldrich Co., molecular Weight of 
742). The resulting mixture Was then sufficiently stirred to 
be homogeneous at room temperature for at least 3 hours and 
then cast onto one surface of a gelled PVdF polymer 
electrolyte (prepared by casting a solution in Which PVdF 
Was dissolved in an organic electrolyte solution, as in the 
conventional method) by a doctor-blade method at a thick 
ness of 20 Elm. UV rays Were then irradiated onto the 
obtained ?lm With a UV lamp having a poWer of 100 W to 
induce a polymerization of the oligomer, to obtain a homo 
geneous double-layered, UV-cured polymer electrolyte. The 
obtained double-layered polymer electrolyte Was adhered 
closely onto both surfaces of a graphite anode so as to face 
the UV-cured polymer electrolyte layer to the graphite anode 
by a lamination process. The resultant Was cut so as to be 3 
cm><4 cm in siZe, and then it Was alternately stacked With a 
LiCoO2 cathode of 2.9 cm><3.9 cm in siZe. Terminals Were 
Welded onto the electrodes and then the cell Was inserted 
into a vacuum casing. A 1M LiPF6 solution in EC-EMC Was 
injected into the vacuum casing, and then the vacuum casing 
Was vacuum-sealed to fabricate a lithium secondary battery. 

Comparative Example 1 

Electrodes and separator ?lms Were stacked in order of a 
graphite anode, a PE separator ?lm, a LiCoO2 cathode, a PE 
separator ?lm and a graphite anode. After terminals Were 
Welded onto the electrodes, the cell Was inserted into a 
vacuum casing. A 1M LiPF6 solution in EC-EMC Was 
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12 
injected into the casing, and then the casing Was vacuum 
sealed, to fabricate a lithium secondary battery. 

Comparative Example 2 

According to the conventional preparation method of a 
gel-polymer electrolyte, 9 g of 1M LiPF6 solution in EC 
DMC Was added to 3 g of PAN, and then the resulting 
mixture Was mixed for about 12 hours. After mixing, the 
mixture Was heated at 1300 C. for about one hour to generate 
a polymer electrolyte matrix. When a viscosity of 10,000 cps 
suitable for casting Was obtained, the polymeric solution 
Was cast by die-casting to give a polymer electrolyte ?lm. 
Electrodes and separator ?lms Were stacked in order of a 
graphite anode, the polymer electrolyte obtained, a LiCoO2 
cathode, the polymer electrolyte obtained and a graphite 
anode. After terminals Were Welded onto the electrodes, the 
cell Was inserted into a vacuum casing. A 1M LiPF6 solution 
in EC-EMC Was injected into the casing, and then the casing 
Was vacuum-sealed, to fabricate a lithium secondary battery. 

Example 10 

Test Results 
Electrode capacities and cycle life based on the cathode of 

the lithium secondary batteries obtained in Examples 149 
and Comparative Examples 1 and 2 Were examined. These 
tests Were performed With a charge/discharge method of 
charging the batteries With a C/2 constant current and 4.2V 
constant voltage, and then discharging With a C/2 constant 
current. FIG. 4 shoWs the results. 
As shoWn in FIG. 4, the electrode capacities and cycle life 

of the lithium secondary batteries of Examples 149 com 
prising the multi-layered polymer electrolyte of the present 
invention Were superior to those of the lithium secondary 
batteries of Comparative Examples 1 and 2, In addition, the 
lithium secondary batteries of Examples 149 of the present 
invention exhibited superior characteristics in that their 
electrode capacities Were not reduced regardless of repeated 
charge, and discharge. Accordingly, it Was discovered that 
the multi-layered polymer electrolyte of the present inven 
tion can improve the electrode capacities and cycle life of 
the lithium secondary batteries. Such improvement seems to 
be resulted from Which surface resistance Was reduced 
because adhesive force betWeen the electrodes and the 
multi-layered, UV-cured polymer electrolyte Were good, and 
an ionic conductivity of the UV-cured polymer electrolyte 
layer Was also good. 

Example 11 

High rate discharge characteristics of the lithium second 
ary batteries obtained in Example 2 and Comparative 
Example 2 Were tested. The tests Were performed With a 
charge/discharge method of charging the lithium batteries 
With a C/2 constant current and 4.2 V constant voltage, and 
then discharging them While changing the constant current 
into C/5, C/2,1C and 2C. FIGS. 5a and 5b illustrate the 
results. As shoWn in FIGS. 5a and 5b, the lithium secondary 
battery of the present invention exhibited capacities of 95% 
and 90% at 1C and 2C discharge, respectively, based on the 
value of 02C discharge (see FIG. 5a). HoWever, the lithium 
secondary battery of Comparative Example 2 exhibited loW 
capacities of 87% and 56% at 1C and 2C discharge, respec 
tively. Accordingly, it Was discovered that the high rate 
discharge characteristic of the lithium secondary battery 
comprising the multi-layered, UV-cured polymer electrolyte 



US 7,135,254 B2 
13 

of the present invention Was superior to that of the lithium 
secondary battery of Comparative Example 2. 

INDUSTRIAL APPLICABLITLY 

The multi-layered, UV-cured polymer electrolyte accord 
ing to the present invention is superior in adhesive force and 
mechanical strength to those of the conventional polymer 
electrolyte. In addition, according to the present invention, 
a lithium secondary battery showing good performances in 
loW- and high-temperature characteristics, high rate dis 
charge characteristic, capacity of battery, cycle life, stability, 
etc. can be provided. Accordingly, the lithium secondary 
battery can be applied in various industrial ?elds such as 
small electronic appliances, communicating apparatus and 
electric automobiles, etc. 

The invention claimed is: 
1. A multi-layered, UV-cured polymer electrolyte, com 

prising: 
A) a separator ?lm layer formed of a polymer electrolyte, 

PP, PE, PVdF or a non-Woven fabric; 
B) a UV-cured polymer electrolyte layer comprising: 

a) a polymer obtained by curing (ethyleneglycol)d 
imethacrylate oligomer of formula (I) With an irra 
diation of UV rays, 

CHZICRICOO(CH2CH2O)NCOCR2:CH2 (I) 

wherein, R1 and R2 are independently hydrogen or 
methyl group, and n is an integer of 3*20, and 

b) at least one polymer selected from the group con 
sisting of PVdF group polymers, PAN group poly 
mers, PVC group polymers and combinations 
thereof or at least tWo polymers selected from the 
group consisting of PVdF group polymers, PAN 
group polymers, PMMA group polymers PVC group 
polymers and combinations thereof; and 

C) an organic electrolyte solution in Which a lithium salt 
is dissolved in an organic solvent. 

2. The electrolyte according to claim 1, Wherein the PAN 
group polymer is selected from the group consisting of 
polyacrylonitrile and poly(acrylonitrile-methylacrylate), the 
PMMA group polymer is selected from the group consisting 
of polymethylmethacrylate, poly(methylmethacrylate-coet 
hylacrylate) and poly(methylmethacrylate-co-methacrylic 
acid), the PVdF group polymer is selected from the group 
consisting of polyvinylidene di?uoride, poly(vinylidene dif 
luoride-hexa?uoropropylene), and the PVC group polymer 
is selected from the group consisting of polyvinylchloride 
and poly(vinyl chloride-co-acrylonitrile). 

3. The electrolyte according to claim 1, Wherein the 
lithium salt is selected from the group consisting of LiPF6, 
LiClO4, LiAsF6, LiBF4, LiCF3SO3, Li(CF3SO2)2N and 
combinations thereof. 

4. The electrolyte according to claim 1, Wherein the 
organic solvent is selected from the group consisting of 
ethylene carbonate, propylene carbonate, diethyl carbonate, 
dimethyl carbonate, ethyl methyl carbonate or mixtures 
thereof. 
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5. The electrolyte according to claim 4, Wherein the 

organic solvent further comprises a solvent selected from the 
group consisting of methyl acetate, methyl propionate, ethyl 
acetate, ethyl propionate, butylene carbonate, y-butyrolac 
tone, 1,2-dimethoxyethane, dimethylacetamide, tetrahydro 
furan or mixtures thereof, in order to improve a loW 
temperature characteristic. 

6. The electrolyte according to claim 1, Wherein the 
gel-polymer electrolyte layer further comprises at least one 
substance selected from the group consisting of a plasticiZer, 
a porous ?ller, an initiator for UV curing and a curing 
accelerator. 

7. The electrolyte according to claim 6, Wherein the 
plasticiZer is selected from the group consisting of N,N 
dimethylacetamide (DMA), N,N-dimethylformamide 
(DMF), dimethyl carbonate (DMC), ethylene carbonate 
(EC), ethyl methyl carbonate (EMC), propylene carbonate 
(PC), acetonitrile or mixtures thereof. 

8. The electrolyte according to claim 6, Wherein the 
porous ?ller is selected from the group consisting of TiO2, 
BaTiO3, Li2O, LiF, LiOH, Li3N, BaO, NaZO, MgO, Li2CO3, 
LiAlO2, SiO2, A1203, PTFE, an organic ?ller, a polymer 
?ller and mixtures thereof. 

9. The electrolyte according to claim 6, Wherein the 
initiator for UV curing is selected from the group consisting 
of 2,2-dimethoxy-2-phenylacetophenone, 2-methoxy-2-phe 
nylacetone, benZyl-dimethyl-ketal, ammoniumpersulfate, 
benZophenone, ethyl benZoin ether, isopropyl benZoin ether, 
ot-methyl benZoin ether, benZoin phenyl ether, 2,2-diethoxy 
acetophenone, 1,l-dichloroacetophenone, 2-hydroxy-2-me 
thyl- 1 -phenylpropane- 1 -one, l-hydroxycyclohexyl phenyl 
ketone, anthraquinone, 2-ethyl anthraquitone, 2-chloroan 
thraquinone, thioxantone, isopropyl thioxantone, chlo 
rothioxantone, 2,2-chlorobenZophenone, benZyl benZoate, 
benZoylbenZoate and mixtures thereof. 

10. The electrolyte according to claim 6, Wherein the 
curing accelerator is an amine compound. 

11. The electrolyte according to claim 10, Wherein the 
amine compound is selected from the group consisting of 
triethylamine, tributylamine, triethanolamine and N-ben 
Zyldimethylamine. 

12. A lithium secondary battery, comprising a cathode, an 
anode and an electrolyte according to claim 1. 

13. The battery according to claim 12, Wherein the cath 
ode comprises at least one cathode active material selected 
from the group consisting of LiCoO2, LiNiO2, LiNiCoO2, 
LiMn2O4, V205 and V6013. 

14. The battery according to claim 12, Wherein the anode 
comprises at least one anode active material selected from 
the group consisting of graphite, cokes, hard carbon, tin 
oxide, lithiated compounds thereof, metallic lithium and 
lithium alloys. 

15. The battery according to claim 12, Wherein the battery 
has a mono-cell structure. 

16. The battery according to claim 12, Wherein the battery 
has a bi-cell structure. 

* * * * * 


